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Decar Ms Dorteh

Thts letter is written on behalf of Inmarsat Ventures Limited (“Inmarsat™) to
elaborate on matters discussed with Commission stafl in [nmarsat’s ex parte presentation of
Deecember 22, 2003 For the rcasons set forth below, [nmarsat urges the Comnussion not (0
reduce the +0.10 degree east/west station keeping tolerance that currently applies to MSS
spacecraft  [fthe Commnussion nonetheless does so, (1) the Commission should not retroactively
apply this requirement to MSS spacccrafl that are 1 orbit or are being physically constructed,
and (1) the Commusston should define the requirement so that comphance 1s mcasured in terms
of cast/west motion ar the equatorial planc, and not at locations north or south of that plane

In the NPRM 1n this proceeding, the Commussion proposed to shightly modify
certamn FCC service rules that have governed the station keeping tolerance for FSS spacceraft,
namely, the requirement that GSO FSS spacecraft be maintained at =0.05 degreces of theiwr
assigned longitudes  Sigmiicantly, the Commission did not propose extending this £0 05 degrec
casl/west station keeping tolerance requirement to MSS networks, which use FSS frequencies for
feeder hinks (communications between the MSS spacecraft and the large “gateway™ terminals
that provide mterconnections Lo the public switched network). Rather, the Commussion simply
askcd whether the requircment should be extended to space stations 1n other services, such as
MSS networks and remote sensing satelhites :

No party endorsed such a requircment, and Inmarsat is not aware of any
information in the record that would warrant extending this £0.05 degree east/west station
heepmg tequirement to MSS networks  To the contrary, MSS networks, such as Tnmarsat's.
have been designed and implemented in accordance with longstanding 1TU standards requiring
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Figure | depicts the motion of an tdeal inclined orbit spacecraft whose north/south
mchination in 3 4 degrees. The position noted on the vertical axis as 0.00 degrees represents the
cquatorial plane At locations above and below the equatorial plane, the width of the tigure eight
orbit 1s a function of the height of the otbit  The width of the figure eight 1s a matter of physics.
As the height of the figure cight orbit increases, 1ts width rapidly expands as the square of 1ts
hcight  And once the height of the {igure eight extends above 2.7 degrees north/south, an MSS
opcerator has to significantly increase the number of operating maneuvers i order to limit
cast/west motion ol the spacecraft to within £0 05 degrees  These maneuvers consume valuable
fucl on board (he spacecraft, and thereby shorten the life of the spacecraft. Thus, they are not
typically undertaken unless absolutely necessary. And once the height of the figure eight
cxtends above approximately 3 4 degrees north/south, it 1s no longer possible to maintain a £ 05
cust west station keeping tolerance, as shown in Figure 1 No amount of east/wesl slation
keeping can change this

There are other factors that affect the east/west station keeping of a spacccraft
Duc 1o varying gravitational forces at different longitudes in the geostationary orbit (caused by
the lact that the Earth 1s not a perfeet sphere), some orbital locations are more susceptible to
longitude dift than others There are four gravitational “nulls” around the geostationary orbit
located at longitudes of 75°L. 162°E, 105°W and 11 5°W. Unfortunately, for most operators,
their spacccrafl are located 1n the regions between these nulls where they experience non-zero
drifl accclerations which must be opposed 1n order to keep the spacecraft within the assigned
station keeping box The longitude dnft causes the whole figure eight pattern to move from one
edge ol the box across to the other, thus, the size of the longitude margin between the edge of the
figurc erght and the edge of the box directly determines how often an operator must perform
east/west station keepmg A smaller box requires more frequent station keeping maneuvers

Moreover, east/west station keeping 1s affected by the amount of eccenlricity in
the orbit of an MSS spacecraft, which 1s driven of the physical characteristics of a spacecrafl.
An ideal spacecrafl that presented no surlace area to the sun in a perfectly circular orbit would
trace a perflect figure eight in the sky, and, putting aside the effects of longitude drift, would
cross the equatonal plane at the same place each day Unfortunately, ne objects in space. neither
the moon, the earth, nor man-made spacecraft are ideal. Much lke the sail ol a sailboat
“catches™ the wind, large reflector antennas and solar arrays on spacecrall tend to “catch™ solar
particles, which increase the eccentricity of their orbit - The impact of these particles add to the
orbit velocity of the spacecrafl as it moves away from the sun (the night side) and conversely,
they subtract from the orbit vclocity as the spacecraft approaches the sun (the moming side) As
a result, the figure eight 1n the orbit of an MSS spacecraft becomes distorted, and 1t then
ntersects the equatorial plane at different locations

Figure 2 shows the effects of unmanaged eccentnicity combined with 14 days of
longitude drift By contrast, Figure 3 shows (hat rotating perigee into the equatortal plane would
1estore a more symmetrice figure eight and thus, minimizes longitude excursions at the equatorial
plane
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The cxtent ol orbit eccentricity 1s driven by the surface area presented to the solar
wind This s clearly dependent on the size of the spacecraft and its appendages such as large
solar arrays and large commumications antenna reflectors. Information that Inmarsat has recently
rccerved nts discussions with manufacturers about the future of spacecraft design indicates that
[uture MSS spacecrafl will be larger, have bigger antenna reflectors, bigger solar arrays, and
therefore, will be even more susceptible to eccentric orbil longitude excursions than MSS
spacecraft today

Each of the separate factors explained above---the impact of north/south
excursion m an inclined orbit, longitude drift, and orbital eccentricity---contributes to the overall
cast/west station keeping tolcrance that could be maintained by an MSS spacecraft  The
north,south orbital cxcursion establishes a nominal east/west tolerance that 1s theoretically
actucy able, but that value needs to be increased to take into account olther variables such as (1)
longiude drifl, which varies at different orbital locations around the world, and (1) eccentrictty.,
w hich 1s driven by the size and physical configuration ol an MSS spacccraft  Combined, these
lactors make it stmply infeasible to maintain an MSS spacecraft within £0.05 degrees east/west

n all parts of 1ts orbtt

Inmarsat believes that the Commission’s current £0.10 degree east/west station
keepmg requirement for MSS spacecraft adequately accounts for the impact of each of these
factors, and that this tolerance docs not have any material adverse impact on the operation of
other spacecraft. Inmarsat therefore beheves that no change in the Commission’s rules regarding
station keeping of MSS spaceeraft is warranted. Any rule that would linut east/west station
keeping to less than 0 10 degrees would unnecessarily constrain future spacecraft design - And
cven 1f the operations of MSS spacecraft that are in orbit or are being built could be modified to
comply with a new cast/west station keeping tolerance of +0.05 degrees (which 1s far from
certain), dong so would adversely impact the operation and reduce the useful life of those

spacecrait

Moreover, the Comnusston should not adopt any regulation governing the
characiensties of inclined orbits that could require satcllite operators to license a patent from
another entity. Just after Inmarsat’s December 22, 2003 ex parte meeting, Boeing alerted the
Conumission that 1t holds a U S patent for a method of controlling the eccentricity of inclined
GSO orbit spacecraft ® Inmarsat 1s still assessing this patent. Before adopting any +0.05 degree
cast’west station keeping tolerance requirement, the Commussion should be certain that space
station operators would not have to usc techmques that potentially overlap with this or other
existing patents 1n order to manage orbital eccentricity and thereby comply with such a station

keeping requirement

Furthermore, any station keeping tolerance regulation that 1s adopted should be
applied only on a prospective basis, and 1t should not apply to MSS spacecraft that are either in-
orbit or currently under physical construction  Inmarsat 1s 1n the midst of completing 1ts next
generation Inmarsat 4 salellites, at an investment of over $1 5 Billion (U S.). This mobile

N

Umted States Patent No US006305646B1. October 23, 2001 (Inventor Jeoffrey R McAlhster, et al )
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satellite system has been designed in conformance with the existing [TU and FCC 20 10 degree
easl'west station keeping tolerance requirement for MSS spacecraft

The Inmarsat 4 spacecralt are the heaviest commercial sateliite generation n
eatstence, have large solar arrays und antenna reflectors, and therefore are more susceptible to
the types of orbit eccentricity issues discussed above These spacecraft are designed with the
latest available propulsion system lechnology: each Inmarsat 4 satellite will use plasma thrusters
[or both north/south station keepmg and for eccentricity control, and will rely on standard
chemucal propulsion only for longitude drift control However, Inmarsat has not yet gained
operational experience in maintaining this new type of spacecraft. It therefore 1s far from certain
whether, 1 practice, an [nmarsat 4 spacecraft could comply with a £0 05 degree east/wesl slation
keeping tolerance (hat 1s adopted at this very late stage 1n the [nmarsat 4 program.

Should the Commission noncthcless adopt an east/west station keeping
tequirement lfor MSS spacecraft, Inmarsat urges the Commission to define 1t with reference to
the equatorial planc as follows

MSS spacc stations operated m the geostationary satellite orbit must be maintained within
£0.05° of ther assigned orbital location in the east/west direction at the equatorwl plane,
unless specifically authorized by the Commission to operate with a different longitudinal
tolerance, and except as provided in Section 25 282 (End-of-life disposal).

Doing so would achieve a number of things. First, it would constrain cast/west drift only at the
location of concern—at the equatonial plane  Second, 1t would not constram the width of the
“figuie eight” above and below the equatoral plane that 1s inherent in the orbit of a spacecraft in
an inclmed orbit - Third, 1t would allow for the possibility of “non-grandfathered” future MSS
spacecrafl coordinating greater than +0.05° station keeping tolerances with respect to other
spacecraft in adjacent orbit locations.

In conclusion, Inmarsat urges the Comimission not to impose a £0 05 degree
east/west station keepimg tolerance on MSS spacecrafi. But if the Commussion nonctheless does
so, Inmarsat requests that the Commussion (1) apply such a requirement only on a prospective
basis, and not to MSS spacecraft that are in-orbit or are currently under physical construction,
and (1) define the requirement so that compliance 1s measured 1 terms of east/west motion at the
equatonal plane, and not at locations north or south of that plane

An original and three copies are enclosed.
Respectfully subnutted,
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